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We study the phenomenology of both the Neutral Current (NC) and Charged Current (CC) Drell-
Yan (DY) processes at the Large Hadron Collider (LHC) within a 4 Dimensional realization of a
Composite Higgs model with partial compositness by estimating the integrated and differential event
rates and taking into account the possible impact of the extra fermions present in the spectrum.
We show that, in certain regions of the parameters space, the multiple neutral resonances present in
the model can be distinguishable and experimentally accessible in the invariant or transverse mass
distributions.
I. INTRODUCTION
The Drell-Yan mechanism is one of the most im-
portant probes in the search for new vector boson
resonances associated to possible physics Beyond the
Standard Model (BSM) and the LHC offers a unique
chance to test DY phenomenology in high energy pro-
ton proton scattering allowing to test BSM models
with extra gauge bosons.
In this proceeding we focus on the analysis of the
extra gauge bosons present in a particular BSM sce-
nario with a Composite Higgs state.
Composite Higgs models, where the physical Higgs
state arises as a pseudo Nambu-Goldstone boson, pro-
vide an elegant solution to the hierarchy problem
present in the Standard Model (SM) and suggest an
alternative pattern leading to the mechanism of spon-
taneous electroweak symmetry breaking. Moreover,
in this scenario the Higgs potential is generically a
computable quantity and the Higgs mass is no longer
a free parameter.
The general structure is based on an idea proposed
in the ’80 [1] and was then specialized on the minimal
coset SO(5)/SO(4) in [2]. A 4-Dimensional (4D) re-
alization of this BSM model, called the 4D Composite
Higgs Model (4DCHM), was presented in in [3] and is
the framework within which we base our analysis.
The 4DCHM spectrum consists, beside the SM con-
tent, of nine extra gauge bosons: 5 neutral (denoted
as Z ′) and 3 charged (denoted as W ′) with masses
and couplings described by two parameters, the com-
positeness scale f  v ' 246 GeV and the coupling
constant gρ of the extra gauge fields, 4pi  gρ  g,
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where g is the SM gauge coupling. The spectrum also
present extra fermions with both SM, herein collec-
tively called t′, b′, and exotic electric charges (5/3 and
-4/3).
II. DRELL-YAN ANALYSIS
The DY NC p p → l+ l− and CC p p → lνl + c.c.
processes for the 4DCHM have been studied in the
context of the 14 TeV stage of the LHC in [4–6].
Due to the large particle spectrum the model has
been implemented in automatic tools such as LanHEP
[7], a package for the automatic generation of Feyn-
man rules, and CalcHEP [8], a package for the auto-
matic calculation of physical observables (cross sec-
tions, widths...) to perform a fast phenomenological
analysis.
Constraints on the parameter space due to elec-
troweak precision tests have been taken into account
by requiring mρ = mZ′,W ′ ' f gρ >∼ 2 TeV and other
physical constraints such as top, bottom and Higgs
mass have been implemented during the parameter
scan.
Despite not directly involved in the DY process the
presence of the extra fermions is of great importance in
our analysis. In fact the mass of the lightest 4DCHM
quark partner can dramatically affect the width of the
extra gauge bosons, as shown in Fig. 1, due to the fact
that, if kinematically allowed, the decay of the extra
gauge bosons into the new fermionic resonances gives
a large contribution to the total width of the extra
gauge bosons.
Taking in account this fact it is clear that the DY
analysis could be used to test the gauge sector of the
4DCHM in regions of the parameter space where these
decay channels are not allowed, that is, where the
mass of the lightest extra fermions is at least half of
the mass of the extra gauge bosons and so the widths
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FIG. 1: Width of the lightest Z′ and W ′ as a function
of the mass of the lightest t′. In purple points where the
decay in a pair of heavy fermions FF¯ is kinematically not
allowed, in cyan the points where this process is allowed.
of the latter are small compared to their mass.
This is particularly relevant for the NC mode, for
which the resonant mass can be reconstructed. Hence,
in Fig. 2 we show the contour plot in the plane f −
gρ for the quantity S/
√
B where B is the standard
model background and S is the 4DCHM signal for
two realistic choices of the Z ′ ratio ΓZ′/MZ′ : 1% and
10%. To obtain the statistical significance is enough
to multiply the contour value for
√
Lε where L is the
luminosity in fb−1 and ε is the efficiency to tag the
final state.
Following the previous discussion we show in Fig. 3
the differential distribution in invariant (a) and trans-
verse (b) mass for the NC and CC process, respec-
tively, for the choice f = 1.2 TeV and gρ=1.8 with ex-
tra fermions heavy enough such that no decay channel
in a pair of the latter is open, while in (c) we show for
the NC case only how the the presence of lighter heavy
fermionic resonances affects the line shape of the re-
constructed Z ′ mass distribution until the signal does
not emerge anymore over the background.
III. CONCLUSION
In this proceeding we have shown how the 14 TeV
stage of the LHC places us in the position of study-
ing the rich phenomenology of the gauge sector of the
4DCHM thereby making the latter testable for masses
of the extra gauge bosons up to 2-3 TeV. Moreover,
the two lighter neutral resonances are accessible in cer-
tain regions of the parameter space where the masses
of the extra fermions are not too light and so that the
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FIG. 2: Contour plot of S/
√
B [fb1/2] in the f, gρ plane
for two different values of the extra gauge bosons width,
with respect to their masses: 1% (top) and 10% (bottom).
The green dashed lines represent the level curve where
f gρ ' mZ′,W ′ = 2 TeV.
widths of the Z ′ are small compared to their masses.
Conversely the possible presence of extra fermions
with a mass lower than the TeV scale represents the
first possibility to test the 4DCHM already with the
7 and 8 TeV LHC data.
The results are obtained for the 14 TeV LHC but
remain essentially valid for the next LHC run at 13
TeV.
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FIG. 3: Differential cross section in invariant mass for
the NC (top) and in transverse mass for the CC (mid-
dle) channels for f = 1.2 TeV and gρ = 1.8. In-
tegrated cross sections for the 4DCHM[SM], given as
solid/black[dashed/red] lines, are 0.78[0.21] fb (NC) and
1.11[0.23] fb (CC). Line shape for the NC process (bot-
tom) for the same combination of f and gρ and for differ-
ent values of the masses of the lightest t′ (see Ref. [4] for
the meaning of colors in the last plot). Results are for the
14 TeV LHC setup.
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